Development of the computer-aided diagram (CAD) for electrical machine for undergraduate purpose learning by Mohd Syafiq, Mohd Fuad
  
 
 
DEVELOPMENT OF THE COMPUTER-AIDED DIAGRAM (CAD) FOR 
ELECTRICAL MACHINE FOR UNDERGRADUATE PURPOSE 
LEARNING 
 
 
 
 
MOHD SYAFIQ MOHD FUAD 
 
 
 
 
 
UNIVERSITY MALAYSIA PAHANG 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
“I hereby acknowledge that the scope and quality of this thesis is qualified for the 
award of the Bachelor Degree of Electrical Engineering (Electronic)” 
 
 
 
Signature  :  
 
Name  :  MISS NAJIDAH BINTI HAMBALI                     
 
Date   :  
 
 
 
 
 
 
i 
 
 
 
DEVELOPMENT OF THE COMPUTER-AIDED DIAGRAM (CAD) FOR 
ELECTRICAL MACHINE FOR UNDERGRADUATE PURPOSE LEARNING 
 
 
MOHD SYAFIQ MOHD FUAD 
 
 
This thesis is submitted as partial fulfillment of the requirements for the award of the 
Bachelor of Electrical Engineering (Electronic) 
 
Faculty of Electrical & Electronics Engineering 
University Malaysia Pahang 
 
MAY 2008 
 
 
 
 
 
ii 
 
 
 
 
 
 
 
 
 
 
 
 
“All the trademark and copyright use herein are property of their respective owner. 
Reference of information from other sources is quoted accordingly; otherwise the 
information presented in this report is solely work of the author.” 
 
 
 
Signature  : _________________________ 
 
Author   : MOHD SYAFIQ MOHD FUAD 
 
Date   : _________________________ 
 
 
  
iii 
 
 
 
 
 
 
 
Specially dedicated to 
My beloved parent 
 
  
iv 
 
ACKNOWLEDGEMENT 
 
 First and foremost, I am very grateful to the almighty ALLAH S.W.T for 
giving me this opportunity to accomplish my Final Year Project.  
 
 In the preceding of this project and thesis, I have established a contact with 
many people who have contributed towards my understanding and thoughts. In 
particular, I wish to express my sincere appreciation to my project supervisor, Ms. 
Najidah Binti Hambali, for encouragement, guidance, motivation and friendship. 
Without her unlimited support and interest, this project and thesis would never be 
completed 
 
 My fellow friends and colleagues should also be recognized for their support. 
My sincere appreciation also extends to all lecturer and others who had provided 
assistance at various occasions. Their views and tips are useful indeed. 
Unfortunately, it is not possible to list all of them in this limited space.  
 
 Most importantly I extend my gratitude to my parents who have encouraged 
me throughout my education and I will always be grateful for their sacrifice, 
generosity and love. 
 
 
 
 
 
 
 
v 
 
ABSTRACT 
 
This study developed a system analyses the single phase transformer by 
generates the equivalent circuit and solve the characteristic such as efficiency of the 
transformer. This project will be used in undergraduate purpose learning and it will 
be carried out by using graphical user interface (GUI) of Visual Basic (VB) 
programming language environment. This system can be divided into two sections 
which are to obtain the equivalent circuit of the transformer and to obtain the 
efficiency of the transformer. First stage of the program will prompt user to key in 
the results from transformer test which are the open-circuit test (no-load test) and 
short circuit test. Program will analyze the data and the equivalent circuit of the 
transformer will be display as a results. This function returns the referred equivalent 
circuit for primary and secondary winding. After equivalent circuits are obtained, in 
second stage of the program, the user is prompted to enter the load specification to 
obtain the transformer performance characteristic including an efficiency curve from 
25 to 125 percent of full-load. 
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ABSTRAK 
 
 Kajian ini memajukan satu sistem menganalisa pengubah satu fasa dengan 
manghasilkan litar setaraf dan menyelesaikan sifat seperti kecekapan pengubah 
tersebut. Projek ini akan digunakan dalam tujuan pembelajaran palajar prasiswazah 
dan akan dihasilkan dengan menggunakan antaramuka grafik pengguna iaitu Visual 
Basic (VB) persekitaran bahasa pengaturcaraan. Sistem ini boleh dibahagikan kepada 
dua bahagian iaitu untuk memperoleh litar setaraf pengubah dan memperoleh 
kecekapan pengubah. Peringkat pertama program ini akan meminta pengguna 
memasukkan keputusan daripada ujian pengubah iaitu ujian litar terbuka dan ujian 
litar tertutup. Program akan menganalisa data dan litar setara pengubah akan 
dipamerkan sebagai hasil analisa. Peranan ini menghasilkan litar setara pengubah 
merujuk kepada belitan utama dan sekunder. Selepas memperoleh litar setara, dalam 
fasa kedua program tersebut, pengguna  diminta memasukkan spesifikasi beban 
untuk mendapatkan sifat prestasi pengubah termasuk garis lengkungan kecekapan 
dari 25 hingga 125 peratus dari beban penuh. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Overview 
 
This study developed a system that can solve the single phase transformer 
problems. First, the windings of transformers have resistance and the cores are not 
infinitely permeable. Furthermore, the flux produce by the primary is not completely 
captured by the secondary. And finally, the iron cores produce eddy-current and 
hysteresis losses, which contribute to the temperature rise of the transformer [2]. By 
using this simulation, the properties of a practical transformer can be described by an 
equivalent circuit. This system will be carried out by using Graphical User Interface 
(GUI) that will be developing using Visual Basic (VB). 
 
 
Figure 1.1: The equivalent circuit of the transformer referred to primary. 
 
There are many reasons for using computer-aided analysis programs for 
analyzing circuits, such as high computational speed of digital computers that offer 
great saving time for large circuit analyzed. The process to obtain the transformer 
equivalent circuits consists of various methods of mathematical calculation which is 
difficult to perform by hand. The calculation can be easily done by computer which 
2 
 
is generated by a program developed using Visual Basic (VB). Hence errors done by 
manual calculation can also be eliminated. This computer-aided diagram will offer 
suitable medium learning for electric machine for undergraduate’s purpose learning. 
 
 
1.2 Objectives 
 
There are three main objective of the project which is:- 
 
1. To develop a system that analyses the single phase transformer and generates 
the equivalent circuit comprising an ideal transformer and resistance and 
reactance. 
 
2. To solve the characteristic such as efficiency of the transformer. 
 
3. To offer the suitable medium learning for electrical machine for students. 
 
 
1.3 Scopes 
 
1.3.1 Transformer Analysis 
 
The equivalent circuit model of a transformer is shown in Figure 1.1. The 
equivalent circuits consist of an ideal transformer of ratio N1:N2 together with 
elements which is represent the imperfections of the real transformer. An ideal 
transformer would have winding with zero resistance and a lossless, infinite 
permeability core [1]. In the practical transformer, there are properties must be taken 
into accounts which are iron losses, magnetizing reactance, leakage reactance and 
winding resistance. 
 
The equivalent circuit can now be used to predict the performance 
characteristic of the transformer. An importance aspect is the transformer efficiency. 
3 
 
Another importance performance characteristic of the transformer is change in the 
secondary voltage from no-load to full-load. A figure to merit used to compare the 
relative performance of different transformer is the voltage regulation [1]. 
 
 
1.3.2 Develop the GUI Using Visual Basic 
 
The development of a Graphical User Interface (GUI) is using Visual Basic. 
Visual Basic is the easier programming to learn. A Computer cannot understand any 
person’s spoken language. A spoken language such as English, French, is simply too 
general and ambiguous for computers to understand. Therefore, we must adapt to the 
machine and learn the computer language so that the computer can understand [6]. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Hadi Saadat Software 
 
Every copies of a Power System Analysis text book contain a copy of 
programming data to perform the fault analysis using MATLAB [1]. The 
programming data is to be installed in the MATLAB program to be put in the 
MATLAB’s library. 
 
This program is developed for obtaining the transformer characteristic. It can 
be used independently when the arguments of the functions are defined in the 
MATLAB environment. The user will be prompted to enter the required data [1]. 
Figure 2.1 (a) & (b) show the GUI: 
 
5 
 
 
Figure 2.1 (a): Show the example of a MATLAB program. 
 
 
Figure 2.1 (b): Show the example of a MATLAB program. 
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2.2 Transformer 
 
2.2.1 Transformer Operation 
 
A transformer is an electromagnetic device having two or more mutually 
coupled windings (share a common magnetic circuit). Figure below show a two-
winding, ideal transformer; the transformer is ideal in the sense that its core is 
lossless and is infinitely permeable, it has no leakage fluxes, and the windings have 
no losses [3]. 
 
 
Figure 2.2 
 
In Figure 2.2, the basic components are the core, the primary winding, N1 and 
the secondary winding, N2. If  is the mutual (or core) flux threading each turn of N1 
and N2, then according to Faraday’s Law of electromagnetic induction, emfs e1 and 
e2 are induced in N1 and N2, given by [3] 
 
dt
dNe φ11 =
   
dt
dNe φ22 =
   (4.01) 
 
The direction of e is such as to produce a current that gives rise to a flux 
which opposes the flux change  (Lenz’s Law). From (4.1), e1 / e2 = N1 / N2, or in 
terms of rms values, 
 
  
a
N
N
E
E
≡=
2
1
2
1
       (4.02) 
 
where a is the turn ratio [3]. 
 
7 
 
The transformer being ideal, e1 = v1 and e2 = v2 in Figure 4.2; hence the flux 
and voltage are related by [3] 
 
dtv
N
dtv
N ∫∫ == 22
1
1
11φ
     (4.03) 
 
If the flux varies sinusoidally,   sin	, then the corresponding induced 
voltage, e, in an N-turn winding is given by 
 
tNe m ωφω cos=
      (4.04) 
 
and the rms value of this induced voltage is 
 
m
m fNNE ωφω 44.4
2
==
     (4.05) 
 
which is known as the emf equation. In (4.5), f = ω /2pi  is the flux frequency in Hz 
[3]. 
 
 
2.2.2 Voltage, Current and Impedance Transformations 
 
Transformers are used to effect voltage, current and impedance 
transformations, and to provide isolation (that is to eliminate direct connections 
between electrical circuits). The voltage transformation property of an ideal 
transformer was developed in Section 4.21: 
 
a
E
E
V
V
==
2
1
2
1
       (4.06) 
 
where the subscripts 1 and 2 respectively correspond to the primary and the 
secondary sides [3]. 
 
For an ideal transformer, the net mmf around its magnetic circuit must be 
zero. Thus, N1I1 - N2I2 = 0, or [3] 
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a
N
N
I
I
≡=
2
1
1
2
       (4.07) 
 
From (4.06) and (4.07), it can be shown that if impedance Z2 is connected to 
the secondary, the impedance Z1 seen at the primary satisfies [3] 
 
2
2
2
1
2
1 a
N
N
Z
Z
≡





=
      (4.08) 
 
 
2.2.3 Nonideal Transformer 
 
An actual transformer differs from an ideal transformer in that the former has 
hysteresis and eddy-current (core) losses and has resistive (I2R) losses in its primary 
and secondary windings. Furthermore, the core of a nonideal transformer is not 
perfectly permeable and requires a finite mmf for its magnetization. Also, because of 
leakage, not all fluxes link with the primary simultaneously in a nonideal transformer 
[3]. 
 
 
2.2.4 Equivalent Circuits 
 
An equivalent circuit of an ideal transformer is shown in Figure 2.3(a). When 
the effects of winding resistances, leakage reactance, magnetizing reactance and core 
losses are included, the circuit of Figure 2.3(b) results, in which the primary and the 
secondary are coupled by an ideal transformer may be removed from Figure 2.3(b) 
and the entire equivalent circuit may be referred either to the primary as in Figure 
2.4(a) or to the secondary as in Figure 2.4(b) [3]. 
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Figure 2.3 (a): Ideal transformer. 
 
 
Figure 2.3 (b): Nonideal transformer. 
 
 
Figure 2.4 (a): Equivalent circuit of a nonideal transformer referred to primary. 
 
 
Figure 2.4(b): Equivalent circuit of a nonideal transformer referred to secondary. 
 
A phasor diagram for the circuit of Figure 2.5, in the case of lagging power 
factor, is shown in figure below [3]. The various symbols in Figure 2.3, Figure 2.4 
and Figure 2.5 are: 
 
a 
E1 
E2 
V1 
= turns ratio 
= primary induced voltage 
= secondary induced voltage 
= primary terminal voltage 
